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© Image data coded highly efficiently in accordance with the MPEG standards are subjected to an interleave 
processing and recorded in units of an IGOP on clusters of a minidisk. The clusters each comprise a 
predetermined number of sectors and are connected to each other through link sectors. If a minidisk is a ROM 
minidisk, and a P picture or B picture exists in the head of a cluster, an image used as a prediction criterion is 
coded and recorded as an I picture in the link sector immediately before the cluster besides the P or B picture, 
In decoding, unless any I picture is recorded in the link sector of the preceding cluster of the cluster, the 
substantial decoding of the P picture or B picture in the head of the cluster is prohibited. In this way, it is 
possible to easily edit the highly efficiently decoded image data in units of a GOP quickly when the data are 
recorded on a disklike recording medium such as a minidisk. Further a special playback such as fast forward or 
reverse playback in units of a GOP can be executed easily and quickly. 
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TECHNICAL FIELD 

The present invention relates to a disc-shaped recording medium for use in recording high-efficiency 
coded digital image data and a disc recording apparatus and a disc reproducing apparatus for use in 
recording and reproducing the high-efficiency coded digital image data on and from the disc-shaped 
recording medium. 

BACKGROUND ART 

As is well known, a CD-ROM (Compact Disc Read Only Memory) is standardized based on music CD 
(Compact Disc Digital Audio: hereinafter simply abbreviated as CD-DA). 

Initially, a physical format thereof will be described briefly. The physical format means a format with 
which data can be read out at least physically from the CD-ROM disc when such disc is loaded onto a CD- 
ROM drive. 

One disc can include music tracks or data tracks of 99 tracks at maximum. Information concerning such 
track is recorded on the disc at its starting portion called a TOC (Table of Contents), i.e., at the innermost 
peripheral portion of the disc. A portion in which the TOC is recorded is referred to as a leading track 
(leading Track). On the other hand, on the ending track, i.e., CD-DA, a portion in which a piece of last music 
is ended is referred to as a leadout track (Leadout Track). 

In the CD-DA, a stereo audio signal is converted into digital audio signal at a sampling rate of 16 bits 
and 44.1 kHz and recorded, data of 2 (stereo) x 2 (16 bits) x 44.100 = 176,400 bytes is recorded per 
second. In the CD-ROM, a sector which results from dividing one second equally by 75 is handled as a 
minimum unit and therefore one sector is formed of 2,352 bytes. 

In the case of CD-ROM MODE-1, one sector includes SYNC data (12 bytes), header (4 bytes), ECC 
(Error Collection Coding: 276 bytes) for error-correction, EDC (Error Detect Coding: 4 bytes) or the like and 
therefore remaining 2048 bytes are recorded as user data. ECC and EDC are omitted from data, such as 
audio and image data, which need not be strictly error-corrected by data interpolation processing or the like, 
and 2,336 bytes except SYNC and header are recorded in one sector as user data. This is referred to as 
CD-ROM MODE-2. 

Recently, personal audio equipments called mini disc (trademark) that can he recorded and reproduced 
have been developed and are now commercially available on the market. 

The mini disc employs an EFM (Eight to Fourteen Modulation) as a disc writing modulation system and 
CIRC (Cross Interleave Reed-Solomon Code) as an error correction code. Audio data compressed 
according to an ATRAC (Adaptive Transform Acoustic Coding) system is recorded in accordance with this 
format. Compressed data is recorded at every block called a cluster as shown in FIG. 6. This is a format 
very close to the above-mentioned CD-ROM MODE 2. 

The CD-ROM uses 98 frames of CD as one sector. This is equivalent to a playback time of 13.3 ms. A 
CIRC interleave length is 108 frames (14.5 ms) and is longer than one sector of the CD-ROM. When data is 
recorded by using the CIRC error correction code, it is necessary to secure at least extra 3 sectors. This 
area is referred to as a link area. It is necessary to maintain a link area of 108 frames (1 sector + a) before 
data starts being written. After data was written, it is necessary to maintain the area of 108 frames similarly, 
otherwise the error correction interleaving is not completed. 

If data is written from arbitrary position, then the link area is dispersed into respective portions of the 
disc with the result that efficiency with which data is recorded and reproduced is deteriorated. Therefore, 
data is written at every recording unit of a certain magnitude. This recording unit is referred to as a cluster 
in the mini disc. One cluster is formed of 36 sectors. This rewriting is constantly carried out at the unit of an 
integral multiple of one cluster. Data to be recorded is temporarily stored in a RAM and then written in the 
£isc. This RAM can be used commonly to a shock-proof memory that can realize a shock-proof function 
used upon reproduction. 

In the magneto-optical disc type mini disc that can be recorded and reproduced, 3 sectors of one 
cluster (= 36 sectors) are maintained as a link sector and the next 1 sector is maintained as a sub-data 
sector. Compressed data is recorded on the remaining 32 sectors. 

When data is recorded, data starts being written from somewhere of the 2nd link sector of the 
preceding cluster. When the writing of data on the 36th sector is finished, error correction data has to be 
written in somewhere of the starting link sector and the 2nd link sector. 

In the mini disc that is similar to the preformatted CD, data need not be rewritten at the unit of clusters 
and data is recorded successively so that 3 sectors on the link area need not be provided. Totally 4 sectors 
of 3 sectors and 1 sector for sub-data are all assigned to sub-data in which graphics data or the like can be 
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stored. 

As described above, in the mini disc, the recording disc and the preformatted disc differ from each 
other in sub-data capacity so that, if sub-data is included, then it is not possible to copy data from the 
Preformatted disc to the recording disc completely, 
s When a part of previously-recorded data is rewritten in the recording disc, if data to be updated is of 
very small amount, the whole of the cluster should be rewritten because data are interleaved at the unit of 
clusters. 

On the other hand, as an age signal high-efficiency coding system, an image signal high-efficiency 
coding system for digital storage media is standardized according to the standardization draft of MPEG1 
io (Moving Picture Image Coding Experts Group Phase 1). Storage media that are an object of this system are 
media whose successive transfer rate is 1 .5 Mbit/sec or smaller, such as CD, DAT (digital audio tape), hard 
disk or the like. Moreover, the storage media are connected not only to a decoder directly but also 
assumed to be connected to the decoder through transmission media, such as computer bus, LAN (local 
area network) and telecommunication. Further, the storage media can be not only played back in the 
T5 forward direction but also played back in some special way as random access, high speed playback and 
reverse direction playback. 

A principle of image signal high-efficiency coding system based on the MPEG1 is as follows. 
In accordance with the high-efficiency coding system, redundancy in the timebase direction is reduced 
by calculating difference between image signals, whereafter redundancy in the timebase direction is 
20 reduced by using discrete cosine transform (DCT) and a variable length coding. 
Redundancy in the timebase direction will be described below. 

It is customary that preceding and succeeding images and a target image (image at a certain time) of a 
continuous moving picture are very similar to each other. Therefore, as shown in FIG. 16, for example, if 
difference between an image to be coded and a preceding or succeeding image is calculated and a 

25 resultant difference is transmitted, then it becomes possible to reduce an amount of transmitted information 
by reducing redundancy in the timebase direction. The image thus coded is referred to as a predictive- 
coded picture (Predictive-coded picture, P picture or P frame) which will be described later on. Similarly, if 
difference between an cage to be coded and a preceding or succeeding image or an interpolated image 
generated from the preceding and succeeding images is calculated and a resultant small difference is 

30 transmitted, then it becomes possible to reduce an amount of transmitted information by reducing 
redundancy in the timebase direction. The image thus coded is referred to as a bidirectionally predictive- 
coded picture; (Bidirectionally Predictive-coded picture, B picture or B frame) which will be described later 
on. In FIG. 16, an image represented by reference symbol I represents an intra-coded picture (Intra-coded 
picture: Intra-coded picture, I picture or I frame) which will be described later on. An image represented by 

35 reference symbol P in the figure represents the P picture, and an image represented by reference symbol 
B represents the B picture. 

Motion compensation is carried out in order to generate a predictive image. 

According to the motion compensation, a block (referred to hereinafter as macroblock) of 16 x 16 pixels 
composed of a unit block of 8 x 8 pixels, for example, is extracted and a macroblock with a smallest 

40 difference is searched from the position near the position of a macroblock corresponding to the preceding 
image. Then, it is possible to reduce an amount of transmitted data by calculating difference between the 
extracted macroblock and the searched macroblock. In actual practice, it is possible to code the P picture 
(predictive-coded picture) by selecting images with small data amounts at the macroblock unit of 16 x 16 
pixels from image whose difference relative to the motion-compensated predictive image is calculated and 

45 image whose difference relative to the motion-compensated predictive image is not calculated. 

However, in the above-mentioned case, data of a large data amount have to be transmitted with respect 
to image portion, such as background or the like which can be exposed after an object was . moved. 
Therefore, in the B picture (bidirectionally predictive-coded picture), of four data of decoded forward or 
backward image whose motion was compensated from a time standpoint, a difference between an 

so interpolated image generated by adding the preceding two images and an image to be coded and an image 
having no difference, i.e., image to be coded, data of smallest data amount is coded. 
Redundancy in the spatial axis direction will be described below. 

Difference of image data is not transmitted as it is but processed at every unit block of 8 x 8 pixels by 
discrete cosine transform (DCT). The DCT expresses an image not by the pixel level but by an amount of 
55 frequency component of cosine function. By 2-dimensional DCT, for example, data of the unit block of 8 x 8 
pixels is converted to coefficient block of 8 x 8 cosine function components. In general, it is frequently 
observed that an image signal representing a natural picture obtained by a television camera becomes a 
smooth signal. In this case, it is possible to efficiently reduce data amount by processing the image signal 
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by the DCT. 

Specifically, if the smooth signal, such as the image signal representing the natural picture, is 
processed by the DCT, then a large value is concentrated near a particular coefficient. If this coefficient is 
quantized, then almost all of 8 x 8 coefficient blocks become zero and only a large coefficient remains. 

5 Thus, when data of 8 x 8 coefficient blocks is transmitted, if such data is transmitted in the form of 
Huffman code composed of a set of non-zero coefficient and a 0-run representing the number of Os 
provided ahead of the non-zero coefficient in a zig-zag scanning fashion, then it becomes possible to 
reduce a transmission amount. The decoding side rearranges an image in the opposite procedure. 

A structure of data that the above-mentioned coding system handles is illustrated in FIG. 17. The data 

10 structure shown in FIG. 17 is composed of a block layer, a macroblock layer, a slice layer, a picture layer, a 
group of picture (GOP: Group Of Picture) layer and a video sequence layer, in that order from below. This 
data structure will be described sequentially from the under layer in FIG. 17. 

Initially, in the block layer, each unit block of the block layer is composed of 8 x 8 pixels (pixels of 8 
lines and 8 pixels) of luminance or adjacent color difference blocks. Each unit block is processed by the 

js above-mentioned DCT. 

In the macroblock layer, each macroblock is composed of totally 6 blocks of 4 luminance blocks 
(luminance unit blocks) YO, Y1 , Y2, Y3 adjoining in the left and right and upper and lower directions and 
color difference blocks (color difference unit blocks) Cr, Cb which are equivalent at the same positions as 
those of the luminance blocks. These blocks are transmitted in the order of YO, Y1, Y2, Y3, Cr and Cb. In 

20 this coding system, a type of predictive image (reference image from which difference is calculated) and 
transmission of difference are judged at the macroblock unit. 

The slice layer is composed of one or a plurality of macroblocks connected in the scanning order of 
images. In the header of the slice layer, a difference between a motion vector and a DC (direct current) 
component within an image is reset and the first macroblock includes data representing the position within 

25 the image. Thus, when an error occurs, the slice layer can be restored. For this reason, the length and the 
starting position of the slice layer are made arbitrary and can be varied depending on the error state on a 
transmission line. 

In the picture layer, a picture, i.e., each image is composed of one or a plurality of slice layers. In 
accordance with the coding system, the slice layers are classified as four kinds of images of the intra-coded 
30 picture (I picture or I frame), the predictive-coded picture (P picture or B frame), the DC intra-coded picture 
(DC coded (D) picture). 

In the intra-coded picture (I picture), upon coding, only closed information in one picture is used. 
Accordingly, in other words, upon decoding, a picture can be reconstructed by only information of the I 
picture. In actual practice, a difference is not calculated and image data is processed by DCT and coded. 
35 Although this coding system is generally low in efficiency, if the I picture is inserted into everywhere, then it 
becomes possible to carry out random access and high-speed reproduction. 

In the forward predictive-coded picture (P picture), I picture or P picture located at the advanced 
position from a time standpoint and which was already decoded is utilized as a predictive picture (picture 
which becomes a reference to calculate a difference), In actual practice, a more efficient method of a 
40 method of coding a difference of a motion-compensated predictive picture and a method of (intra-) coding a 
predictive picture without calculating a difference is selected at the unit of macroblock. 

In the bidirectionally predictive-coded picture (B picture), there are used three kinds of pictures of I 
picture or P picture located at the advanced position as the predictive picture from a time standpoint and 
which was already decoded, and an interpolated picture generated from the aforementioned two pictures. 
45 Thus, the most efficient method of a method of coding a difference between the motion-compensated three 
kinds of pictures and the intra-coding method can be selected at the unit of macroblock. 

The DC intra-coded picture is an intra-coded picture formed of only a DC coefficient of the DCT and 
cannot exist on the same sequence as those of other three kinds of pictures. 

The above-mentioned group of picture (GOP) layer is composed of one or a plurality of I pictures and 0 
so or a plurality of non-l pictures. 

When the input order to the encoder is set to 11, 2B, 3B, 4P*5B, 6B, 71, 8B, 9B, 101, 11B, 12B, 13P, 
14B, 15B, 16P"17B, 18B, 191, 20B, 21 B, 22P, the sequential order of the output from the encoder, i.e., input 
to the decoder is set to 11, 4P, 2B, 3B*7I, 5B, 6B, 101, 8B, 9B, 13P, 11B, 12B, 16P, 14B, 15BM9I, 17B, 18B, 
22P, 20B, 21 B, for example. 

55 The reason that the sequential order is replaced in the encoder is that, when the B picture, for example, 
is coded or decoded, the delayed I picture or P picture which becomes a predictive picture from a time 
standpoint should be coded previously. A spacing (e.g., 9) of the I picture and a spacing (e.g., 3) of the I 
picture or B picture can be set arbitrarily. The spacing of the I picture or P picture may of course be 
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changed within the group of picture layer. A pause of the group of picture layer can be represented by 
Also, reference symbol I depicts the I picture, reference P depicts the P picture and reference symbol B 
depicts the B picture. 

The video sequence layer shown on the topmost portion of FIG. 17 is composed of one or a plurality of 
s group of picture layers whose picture sizes and image rates are the same. 

Assuming that the digital image data high-efficiency-coded according to the MPEG1 system is recorded 
on the previously-mentioned mini disc, then the following problems will arise. 

If the 1GOP recording unit is set to an arbitrary unit which is not related to the cluster, there is then the 
possibility that image data of 1GOP will be recorded over two clusters or greater. In this case, the GOP is 
w started from somewhere of the cluster or is ended somewhere of the cluster. As a result, it becomes 
difficult to carry out an edit processing, such as replacement to other GOP, by using the GOP as a unit of 
cut. Even if the edit processing can be carried out, there is then the problem that an average transfer rate is 
lowered. 

When the P picture or B picture which takes the final frame of the immediately-preceding GOP as the 
75 predictive picture (picture which becomes a reference) is disposed at the starting portion of the 2GOP, the 
immediately-preceding GOP also should be decoded in order to decode the P picture or B picture of the 
GOP. There is then the problem that, upon seek reproduction such as a fast forward and a reverse 
reproduction, it becomes difficult to reproduce a picture rapidly. 

An object of the present invention is to enable an edit processing based on the unit of GOP to be 
20 carried out by a simple and rapid processing and to enable a special reproduction, such as a fast forward 
and a reverse reproduction to be carried out by a simple and rapid processing when high-efficiency-coded 
digital image data is recorded on a disc-shaped recording medium, such as a mini disc or the like. 

DISCLOSURE OF INVENTION 

25 

According to the present invention, there is provided a disc-shaped recording medium on which high- 
efficiency-coded digital image data is clustered at every sector of a predetermined number, a link sector 
which is longer than an interleave length is provided at the connection portion of the clusters and the digital 
image data is interleaved. The disc-shaped recording medium is characterized in that the high-efficiency- 

ao coded digital image data is recorded on each cluster at the unit of one group of picture. 

Here, when a disc-shaped recording medium is a disc-shaped recording medium that can only be 
reproduced:.and a forward predictive-coded picture or a bidirectionally predictive-coded picture exists at the 
starting portion of the cluster, a picture which becomes a predictive standard of the forward predictive- 
coded picture or the bidirectionally predictive-coded picture is coded as an intra-coded picture and 

35 recorded on the link sector of the immediately-preceding cluster. 

According to the present invention, there is provided a disc recording apparatus in which a high- 
efficiency-coded digital image data is interleaved and recorded on a disc-shaped recording medium. The 
disc recording apparatus is comprised of encoding means for high-efficiency-coding an image signal into a 
digital image signal and recording means in which the high-efficiency-coded digital image data output from 

40 the encoding means is clustered at every sector of a predetermined number, a link sector which is longer 
than the interleave length is provided at the connected portion of each cluster and the high-efficiency-coded 
digital image data is interleaved and in which the digital image data is recorded on each cluster of the disc- 
shaped recording medium at the unit of one group of picture. 

Further, according to the present invention, there is provided a disc reproducing apparatus which is 

45 comprised of reproducing means for reproducing from a disc-shaped recording medium in which high- 
efficiency-coded digital image data is clustered at every sector of a predetermined number, a link sector 
which is longer than an interleave length is provided at the connection portion of the clusters and the digital 
image data is interleaved the digital image data at the unit of one group of picture corresponding to each of 
the clusters, and decoding means for decoding a series of original image data from digital image data 

so reproduced by the reproducing means at the unit of one group of picture. 

Here, when a forward predictive-coded picture or a bidirectionally predictive-coded picture exists at the 
starting portion of the cluster, if it is determined on the basis of the digital image data reproduced by the 
reproducing means at the unit of one group of picture that a picture which becomes a predictive standard of 
the forward predictive-coded picture or the bidirectionally predictive-coded picture is not coded as an intra- 

55 coded picture and is not recorded on the link sector of the immediately-preceding cluster, the decoding 
means is inhibited from substantially decoding the forward predictive-coded picture or the bidirectionally 
predictive-coded picture recorded at the starting portion of the cluster. 
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According to the disc-shaped recording medium, the disc recording apparatus and the disc reproducing 
apparatus of the present invention, since the high-efficiency coded digital image data is recorded on each 
cluster at the unit of one group of picture, an edit processing and special reproduction, such as high-speed 
feed forward and reverse reproduction based on the GOP unit become possible. 

5 When the disc-shaped recording medium is such one that can only be reproduced and the forward 
predictive-coded picture or bidirectionally predictive-coded picture exists at the starting portion of the 
cluster, it becomes possible to reproduce a picture of high picture quality at high speed by encoding and 
recording a picture, which becomes a predictive standard of the forward predictive-coded picture or the 
bidirectionally predictive-coded picture, on the link sector of the immediately-preceding cluster as an intra- 

70 coded picture. 

Furthermore, when the forward predictive-coded picture or the bidirectionally predictive-coded picture 
exists on the starting portion of the cluster, if it is determined that the picture, which becomes a predictive 
standard of the forward predictive-coded picture or the bidirectionally predictive-coded picture, is not coded 
as the intra-coded picture and is not recorded on the link sector of the immediately-preceding cluster, then 
75 it is possible to prevent a picture quality of a reproduced picture from being degraded due to disorder of 
picture by substantially inhibiting the forward predictive-coded picture or the bidirectionally predictive-coded 
picture recorded at the starting portion of the cluster from being decoded. 

BRIEF DESCRIPTION OF DRAWINGS 

20 

FIG. 1 is a perspective view showing an outer face structure of a disc recording and reproducing 
apparatus according to an embodiment of the present invention; 

FIG. 2 is a perspective view showing an outer face structure of a disc recording and reproducing 
apparatus according to another embodiment of the present invention; 
25 FIG. 3 is a block diagram showing an electrical arrangement of the disc recording and reproducing 
apparatus according to the embodiment of the present invention; 

FIG. 4 is a block diagram showing an example of a specific arrangement of an MPEG video encoder 27b 
shown in FIG. 3; 

FIG. 5 is a block diagram showing an example of a specific arrangement of an MPEG video encoder 29b 
30 shown in FIG. 3; 

FIG. 6 is a conceptual diagram used to explain a recording format of a mini disc which is applied to the 
embodiment of the present invention; 

FIG. 7 is a conceptual diagram used to explain cluster interleaving which is applied to the embodiment of 
the present invention; 

35 FIG. 8 is a block diagram showing an electrical arrangement of an MD drive apparatus which is applied 
to the embodiment of the present invention; 

FIG. 9 is a conceptual diagram used to explain a group of picture which is applied to the embodiment of 
the present invention; 

FIG. 10 is a conceptual diagram used to explain relationship between the group of picture and a cluster 
40 which are applied to the embodiment of the present invention; 

FIG. 11 is a conceptual diagram used to explain another example of a structure of the group of picture 
which is applied to the embodiment of the present invention; 

FIG. 12 is a conceptual diagram used to explain another relationship between the group of picture and 
the cluster which are applied to the embodiment of the present invention; 
45 FIG. 13 is a flowchart showing how to make data of one group of picture for a preformatted mini disc 
according to the embodiment of the present invention; 

FIG. 14 is a flowchart showing how to make data of one group of picture for a recordable mini disc 
according to the embodiment of the present invention; 

FIG. 15 is a flowchart showing how to play back data of one group of picture from a mini disc 1a 
so according to the embodiment of the present invention; 

FIG. 16 is a diagram showing a prediction among pictures; and 
FIG. 17 is a diagram showing a data structure. 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 

An outer face structure of the embodiment according to the present invention will be described with 
reference to FIGS. 1 and 2. 
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FIG. 1 is a perspective view showing an outer face structure of one embodiment of the disc-shaped 
recording medium and the disc recording and reproducing apparatus according to the present invention. A 
cartridge shown in the figure accommodates a mini disc (generally referred to together with the cartridge 1 
as mini disc) formed of a magneto-optical disc or optical disc. When the mini disc is formed of the 

5 magneto-optical disc, digital data can be recorded on and reproduced from the mini disc magneto-optically. 
A disc recording and reproducing apparatus 2 has an insertion slot 3 defined on the front surface side. The 
disc recording and reproducing apparatus 2 houses a loading mechanism for loading or unloading the 
cartridge 1 with the mini disc accommodated therein when the cartridge is inserted into the insertion slot 3. 
The disc recording and reproducing apparatus 2 has a key pad 4 with various operation keys provided on 

10 the right front surface thereof to enter various commands into the disc recording and reproducing apparatus 
2. The disc recording and reproducing apparatus 2 has a color LCD (liquid crystal display) 5 provided 
above the front surface thereof. The color LCD 5 displays a color moving picture decoded after it was 
reproduced from the mini disc. 

FIG. 2 is a perspective view showing an outer face arrangement of a disc recording and reproducing 

rs apparatus according to another embodiment of the present invention. In this embodiment, the color LCD 5 
in the embodiment shown in FIG. 1 is omitted. A video signal output from the disc recording and 
reproducing apparatus 2 is supplied through a cable 11 to a color CRT display monitor 12 and thereby 
displayed. Specifically, while the embodiment shown in FIG. 1 shows a portable type disc recording and 
reproducing apparatus, the embodiment shown in FIG. 2 shows a installation-type disc recording and 

20 reproducing apparatus. 

FIG. 3 shows an electrical arrangement of the inside of the disc recording and reproducing apparatus. 
An MD (mini disc) drive apparatus 20 records and reproduces digital data on and from the mini disc 1a 
accommodated in the cartridge 1 . 

The MD drive apparatus 20 is designed based on a mini disc system that is developed as portable, 

25 installation type or mobile personal audio equipment. The mini disc system uses a small and thin recording 
medium called a mini disc. The mini disc includes a cartridge (W x L x H = 72 mm x 68 mm x 5 mm) in 
which any one of a read-only optical disc with a diameter of 64 mm, a writable MO (magneto-optical) disc 
or a hybrid disc (or also referred to as a partial ROM disc) in which a write area and a read-only area are 
provided in the mixed state is accommodated. Data can be read out from the mini disc in which the read- 

30 only optical disc is accommodated on the basis of a similar principle to that of the CD (Compact Disc). On 
the other hand, data can be recorded on the mini disc in which the MO disc or the hybrid disc is 
accommodated according to a magnetic field modulation direct overwrite system. The magnetic field 
modulation direct overwrite system is of the system that data is written on the rotating disc from above at 
the portion radiated with laser beam with high power from below up to Curie temperature at which a 

35 magneto-optical film of the recorded portion is heated so as to lose coercive force of the magnetic material. 
Since the mini disc system has been developed as personal audio equipments, circuit devices are 
integrated and assembly parts are optimized so that the whole of the apparatus can be miniaturized and 
made light in weight. Also, the mini disc system is reduced in power consumption and can therefore be 
driven by battery. Further, the mini disc system has substantially the same storage capacity (140 Mbytes) 

40 as that of the existing 3.5-inch MO disc and recording media thereof can be exchanged. In addition, the 
mini disc system can be mass-produced and a manufacturing cost of the recording media thereof can be 
suppressed as compared with other MO disc. Also, the manufacturing cost of t> j drive apparatus body can 
be suppressed. Furthermore, since the mini disc system has been successfully used as personal audio 
equipment, the mini disc system can be proved to be high in reliability. 

45 The arrangement of the MD drive apparatus 20 will be fully described later on with reference to FIG. 8. 
As shown in FIG. 3, the MD drive apparatus 20 is connected through an I/O interface circuit 21 to a bus 
line. 

In FIG. 3, an MPU (microprocessor unit) 22 supplies necessary address and data through the bus line 
to respective units to control the respective units. A main memory 23 is composed of a ROM in which 

so program executed by the MPU 22 is stared previously and a RAM used as a work area to temporarily store 
various data. The main memory is supplied with address from the MPU 22 through the bus line and various 
data are written in and read out from the main memory. 

A DMAC (direct memory access controller) 24 directly controls input and output data to and from the 
main memory 23 bypassing the MPU 22 to transfer data in a DMA fashion. 

55 An audio AD/DA (analog-to-digital/digital-to-analog) converting circuit 25 converts an analog audio signal 
input to an analog audio input terminal Ain to a digital audio signal and supplies the digital audio signal to 
an audio encoder/decoder 26. This circuit also converts digital audio data supplied thereto from the audio 
encoder/decoder 26 to analog audio data and outputs the analog audio data to an analog audio terminal 
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Aout. The audio encoder/decoder 26 encodes and compresses the digital audio data supplied thereto from 
the audio AD/DA converting circuit 25 according to a predetermined system standardized by the MPEG 
audio standards. Coded audio data thus encoded is temporarily stored in the main memory 23 under the 
control of the DMAC 24. The audio encoder/decoder decodes coded audio data read out from the main 
5 memory 23 to restore the original digital audio data and supplies the same to the audio AD/DA converting 
circuit 25. Coded audio data is exchanged between the main memory 23 and the audio encoder/decoder 26 
under the control of the DMAC 24. 

A video encoding unit 27 comprises an AD converter 27a for A/D-converting an analog video signal 
input to an analog video input terminal Vin and an MPEG video encoder 27b for encoding and compressing 
70 the digital video data thus converted by the AD converter 27a based on the MPEG1 standardization. Coded 
video data that was encoded by the MPEG video encoder 27b is temporarily stored in the main memory 23 
under the control of the DMAC 24. 

The digital video data that was converted by the AD converter 27a is also supplied to an LCD controller 
28, and displayed by the LCD 5 under the control of the LCD controller 28. In the arrangement without the 
is LCD 5, as shown in FIG. 2, the digital video data is supplied through the external cable 11 to the CRT 
display monitor 12 and is thereby displayed. 

A video decoding unit 29 comprises an MPEG video decoder 29b for decoding the coded video data 
read out from the main memory 23 to restore the original digital video data and a DA converter 29a for D/A- 
converting the digital video data decoded by the MPEG video decoder 29b and outputting analog video 
20 data to an analog video output terminal Vout. 

Further, the digital video data decoded by the MPEG video decoder 29b is supplied to the LCD 
controller 28 and displayed by the LCD 5 under the control of the LCD controller 28. 

Coded video data is exchanged among the MPEG video encoder 27b, the MPEG video encoder 29b 
and the main memory 23 under the control of the DMAC 24. 
25 Further, various data are exchanged between the main memory 23 and the MD drive apparatus 20 
through the I/O interface 21 under the control of the DMAC 24. 

The console controller 30 supplies various command data supplied thereto through the keys on the key 
pad 4 through the bus line to the MPU 22. 

An example of a specific arrangement of the MPEG video encoder 27b will be described with reference 
30 to FIG. 4. A blocked digital video signal from an input terminal 61 is supplied to a subtracter 62 and a 
motion vector detecting circuit 72. The blocked digital video signal is of a signal that a digital video signal 
formed of discrete pixel data train is converted in time series to a plurality of unit block signals formed of 
pixel data arranged in a 8 x 8 matrix form in the horizontal and vertical directions of the picture screen at 
every picture. 

35 The subtracter 62 subtracts the unit block signal of this blocked digital video signal and a unit block 
signal of pixel data configuration similar to the unit block signal, i.e., predictive unit block signal com- 
pensated by the motion compensating circuit 71 . 

A difference unit block signal (not always the difference unit block signal but sometimes the unit block 
signal), which is a subtracted output from the subtracter 62, is supplied to a 2-dimensional discrete cosine 

40 transform circuit (2-dimensional DCT circuit) 63 which is one of orthogonal transform circuits and thereby 
cosine-transformed. A transform coefficient from the 2-dimensional DCT circuit 63 is supplied to a 
quantizing circuit (re-quantizing circuit) 64 and thereby quantized. 

The transform coefficient thus quantized is supplied to a variable length coding circuit 65, in which it is 
variable-length-coded and then output at an output terminal 66 as a quantized variable-length-coded 

45 transform coefficient (coded data). 

The unit block signal composing a frame signal stored in a frame memory 70 is supplied to the motion 
compensating circuit 71. The motion compensating circuit 71 is controlled by a detected output from a 
motion vector detecting circuit 72 so as to judge correlation of respective unit block signals stored within 
the frame memory 70. Then, the unit block signal with highest correlation is output from the motion 

so compensating circuit 71 as the predictive unit block signal and supplied to the subtracter 62 and the adder 
69. 

An example of a specific arrangement of the MPEG video decoder 29b will be described with reference 
to FIG. 5. A variable-length-coded and quantized transform coefficient (coded data) corresponding to the 
output signal developed at the output terminal 66 shown in FIG. 4 is supplied from an input terminal 81 to a 
55 variable length decoding circuit 82 and thereby decoded. The quantized transform coefficient from the 
variable length decoding circuit 82 is supplied to an inverse quantizing circuit 83 and thereby inverse- 
quantized. The quantized transform coefficient from the transform coefficient quantizing circuit 64 is 
supplied to an inverse quantizing circuit 67, in which it is inverse-quantized to output a transform coefficient. 
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The transform coefficient is supplied to a 2-dimensional discrete cosine inverse transform circuit (2- 
dimensional discrete IDCT circuit) 68 which derives the original difference unit block signal. 

The difference unit block signal is added to the predictive unit block signal from the motion compensat- 
ing circuit 71 by the adder 69. The unit block signal from the adder 69 is supplied to the frame memory 70 
5 and thereby all unit block signals constructing the frame signal to which the unit block signals belong stored 
in the frame memory. 

The motion vector detecting circuit 72 detects a unit block signal with highest correlation in the vicinity 
of unit block signals corresponding to each block signal of the blocked digital video signal supplied thereto 
through the input terminal 61 from the frame memory 70 in association with each unit block signal of the 

10 block digital video signal from the input terminal 61. 

The block signals constructing the frame signal and which are stored in the frame memory 70 are 
supplied to the motion compensating circuit 71. Then, the motion compensating circuit 71 is controlled by 
the detected output from the motion vector detecting circuit 72 so as to judge correlations of the respective 
block signals stored in the frame memory 70. Then, the block signal with highest correlation is output from 

75 the motion compensating circuit 71 as the predictive block signal and supplied to the subtracter 62 and the 
adder 69. 

An example of a specific arrangement of the MPEG video decoder 29b will be described with reference 
to FIG. 5. The variable-length-coded and quantized transform coefficient (coded data) corresponding to the 
output signal of the output terminal 66 shown in FIG. 4 is supplied from an input terminal 81 to a variable 

20 length decoding circuit 82 and thereby variable-length-decoded. The quantized transform coefficient from 
the variable length decoding circuit 82 is supplied to an inverse quantizing circuit 83 and thereby inverse- 
quantized. The resultant transform coefficient is supplied to a 2-dimensional discrete cosine transform 
circuit (2-dimensiona! IDCT circuit) 84, in which it is inverse-transformed and output as a difference unit 
block signal (not always the difference unit block signal but the unit block signal sometimes). 

25 When the 2-dimensional IDCT circuit 84 outputs not the difference unit block signal but the unit block 
signal (unit block signal of I picture), a change-over switch 85 connects a movable contact m to a fixed 
contact a so that the unit block signal is output through the change-over switch 85 to an output terminal 86. 

When the 2-dimensional IDCT circuit 84 outputs the difference unit block signal, the change-over switch 
85 connects the movable contact m to a fixed contact b. In this case, the difference unit block signal from 

30 the 2-dimensional IDCT circuit 84 is supplied to an adder 93, in which it is added with a predictive unit 
block signal from a change-over switch 92. Thus, the unit block signal from the adder 93 is output through 
the changerover switch 85 to the output terminal 86. 

The predictive unit block signal from the adder 93 is supplied through the fixed contact b and the 
movable contact m of the change-over switch 85 to a frame memory 87. In the frame memory 87, all unit 

35 block signals constructing the frame signal to which the predictive unit block signals from the adder 93 
belong are stored in the frame memory 87. 

The frame signal read out from the frame memory 87 is supplied to another frame memory 90. Frame 
signals advanced and delayed by a predetermined frame from the frame memories 87 and 88 are 
respectively supplied to a motion compensation forward predictive-coded circuit 88 and a motion com- 

40 pensation backward predictive-coded circuit 88. An average signal of the predetermined -frame advanced 
signal and the predetermined-frame delayed signal is supplied to a motion compensation bidirecttonally 
predictive-coded circuit 89. 

The predictive-coded circuits 88, 91 and 89 select predictive unit block signals with highest correlation 
from unit block signals of predetermined advanced and delayed frames which are unit block signals near 

45 the unit block signal of a certain frame relative to the unit block signal of a certain frame and an average 
unit block signal. When a forward predictive-coded unit block signal (predictive unit block signal of P 
picture) is obtained, the change-over switch 92 connects the movable contact m to a fixed contact c so that 
the unit block signal with the highest correlation is supplied to the adder 93 and thereby added to the 
difference unit block signal from the 2-dimensional IDCT circuit 84. 

so Further, when the bid i regionally predictive-coded signal (predictive unit block signal of B picture) is 
obtained, of the three predictive unit block signals with high correlation, the change-over switch 92 selects 
the predictive unit block signal with highest correlation by selectively connecting the movable contact m to 
the fixed contacts c, tf, e. This predictive unit block signal with the highest correlation is supplied to the 
adder 93, in which it is added with the difference unit block signal from the 2-dimensional IDCT circuit 84. 

55 The MPEG video encoder and decoder described in FIGS. 4 and 5 were described more in detail in 
Japanese laid-open patent publication No. 05-95545 or the like. 

Operation of the thus arranged disc recording and reproducing apparatus will be described next. 
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When the user enters a command for recording input audio and video signal by operating predeter- 
mined keys on the key pad 4, this command is supplied through the bus line to the MPU 22 under the 
control of the console controller 30. The MPU 22 responds to this command to control respective units in a 
procedure which will be described below, thereby recording the coded audio data and the coded video data 
5 thus encoded based on the MPEG1 standardization on the mini disc 1a. 

The audio signal input to the analog audio terminal Ain is A/D-converted by the audio AD/DA converting 
circuit 25 and supplied to the audio encoder/decoder 26. The audio encoder/decoder 26 temporarily stores 
the encoded coded audio data of one cluster amount (32 sectors) in its incorporated RAM. 

When the audio encoder/decoder 26 generates the coded audio data (about 64 KBytes) of one cluster 
70 amount, such data is transferred in a DMA fashion and stored in the main memory 23 under the control of 
the DMAC 24. The data of one cluster stored in the main memory 23 is read out at a predetermined timing 
under the control of the DMAC 24 and transferred through the I/O interface circuit 21 to the MD drive 
apparatus 20 in a DMA fashion, whereby it is recorded on the mini disc 1a. 

In the MD drive apparatus 20, data of one cluster amount is interleaved at the unit of clusters and 
75 recorded on the mini disc 1a. Specifically, in the mini disc of magneto-optical disc type that can be 
recorded and reproduced, as shown in FIG. 6, of one cluster, 3 sectors are maintained as link sectors and 
the following one sector is maintained as a sub-data sector. Data is recorded on the remaining 32 sectors. 
When data is recorded, data starts being written in somewhere of the second link sector of the preceding 
cluster. When data finishes being written in the 36th sector, error-correction data is written in somewhere of 
20 the starting link sector and the second link sector. 

According to this embodiment as shown in FIG. 6, one cluster is composed of 36 sectors and 
substantial data is recorded on the first 32 sectors, and substantial data is not recorded on the last 4 
sectors. Error-correction data for data recorded on the adjacent cluster is recorded on the link sectors of the 
first 3 sectors of the last 4 sectors. The last 1 sector is employed as the sub-data sector in which reserve 
25 graphics data or the like corresponding to data recorded on the first 32 sectors can be recorded. In this 
embodiment, reserve graphics data is not recorded therein. Address information and data are recorded on 
each sector. 

Similarly, the video signal input to the analog video input terminal Vin is A/D-converted by the AID 
converting circuit 27a and supplied to the MPEG video encoder 27b, in which it is encoded. This coded 

30 video data of one cluster amount (32 sectors) also is temporarily stored the incorporated RAM similarly to 
the aforementioned coded audio data. When the MPEG video encoder 27b generates the coded video data 
of one cluster amount, such data is transferred to in a DMA fashion and stored in the main memory 23 
under the control of the DMAC 24. The data of one cluster stored in the main memory 23 is read out at a 
predetermined timing under the control of the DMAC 24, transferred in a DMA fashion through the I/O 

35 interface circuit 21 to the MD drive apparatus 20, in which it is interleaved at the unit of clusters and 
recorded on the mini disc 1a. 

In this embodiment, the coded video data and the coded audio data are cluster-interleaved and 
recorded on the mini disc 1a as shown in FIG. 7. Specifically, the coded video data represented by 
reference symbols V and the coded audio data represented by reference symbols A are alternately 

40 disposed at different clusters under the control of the MPU 22. Predetermined data O, such as program 
data and character data other than the coded video data V and the coded audio data A are recorded on 
clusters different from the clusters in which the coded video data Vor the coded audio data A are recorded. 
It becomes possible to increase processing speed of recording and reproduction by recording only 
associated data with highly strong correlation on the same cluster, i.e., by recording the coded video data 

45 V, the coded audio data A and other data D in different clusters. 

However, in order to make high-speed reproduction become possible upon seek operation, correspond- 
ing ones of the coded video data V, the coded audio data A and other data D should be disposed in 
relatively nearby clusters because these relating data have to be reproduced at substantially the same time. 
In the process of the above-mentioned recording operation, digital video data that was converted by the 

so A/D converter 27a is supplied to the LCD controller 28 and displayed by the LCD 5 under the control of the 
LCD controller 28. Alternatively, with the arrangement which does not have the LCD 5, as shown in FIG. 2, 
such digital video data is supplied through the external cable 11 to the CRT display monitor 12 and thereby 
displayed. Thus, the user can monitor a picture being recorded. 

Operation in the playback mode will be described next. When the user enters a playback command to 

55 the apparatus by operating keys on the key pad 4, this playback command is supplied through the console 
controller 30 to the MPU 22. At that time, the MPU 22 controls the MD drive apparatus 20 so as to 
reproduce data recorded on the mini disc 1a. Reproduced data is transferred through the I/O interface 
circuit 21 to the main memory 23 in a DMA fashion. Of data stored in the main memory 23, the coded 
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audio data is transferred to the audio encoder/decoder 26 and the coded video data is transferred to the 
video decoding unit 29 in a DMA fashion. 

The coded audio data of one cluster amount supplied to the audio encoder/decoder 26 is decoded and 
D/A-converted by the audio AD/DA converting circuit 25, whereafter it is output from the analog audio output 
5 terminal Aout. 

On the other hand, the coded video data of one cluster amount supplied to the video decoding unit 29 
is decoded and supplied to the LCD controller 28, thereby displayed on the LCD 5 under the control of the 
LCD controller 28. Alternatively, with the arrangement which does not have the LCD 5, the coded video data 
is D/A-converted by the DA converter 29a and supplied through the external cable 1 1 to the CRT display 
10 monitor 12 shown in FIG. 2 and thereby displayed. 

An arrangement of the MD drive apparatus 20 will be described with reference to FIG. 8. 

Data is recorded along recording tracks on the mini disc 1a in a magnetic field modulation overwrite 
fashion by applying modulated magnetic field corresponding to recorded data to a magnetic head 41 while 
the mini disc 1a rotated by a spindle motor 46 shown in the figure is radiated with laser beams emitted 
75 from an optical pickup 44. Data is optically reproduced by scanning a target track with laser beams emitted 
from the optical pickup 44. 

The optical pickup 44 comprises a laser light source, such as a laser diode or the like, optical parts, 
such as a collimator lens, an objective lens, a polarizing beam splitter, a cylindrical lens or the like, and a 
photodetector divided at predetermined locations. The optical pickup is placed by a feeding motor 45 at the 
20 position opposing the magnetic head 41 across the mini disc 1a. 

The optical pickup 44 records data in a therm omagnetic recording fashion by radiating laser beams on 
the target- track of the mini disc 1a to which modulated magnetic field corresponding to recorded data is 
applied while the magnetic head 41 is moved by the magnetic head driver circuit 43 when data is recorded 
on the mini disc 1a. 

25 The optical pickup 44 generates a reproduced signal by detecting the laser beam radiated on the target 
track, such as detecting focusing error based on an astigmatism method, for example, detecting tracking 
error based on a push-pull method or using diffraction phenomenon of light in pit trains of the target track of 
the preformatted mini disc. When data is reproduced from the recordable mini disc 1a, the optical pickup 
device generates a reproduced signal by detecting difference between polarizing angles (Kerr rotation 

30 angles) of -reflected light from the target track. 

An output from the optical pickup 44 is supplied to an RF amplifier 47. The RF amplifier 47 extracts a 
focusing error signal and a tracking error signal from the output of the optical pickup 44 and supplies the 
same to a servo control circuit 48. Also, this amplifier converts the reproduced signal to a binary 
reproduced signal and supplies the same to an address decoder 49. The address decoder 49 decodes 

35 address from the binary reproduced signal supplied thereto and supplies decoded address to an EFM/CIRC 
encoder/decoder 51 . 

The servo control circuit 48 comprises a focusing servo control circuit, a tracking servo control circuit, a 
spindle motor servo control circuit and a sled servo control circuit or the like, for example. 

The focusing servo control circuit controls focusing of the optical system of the optical pickup 44 so 
40 that a focusing error signal is canceled out. The tracking servo control circuit controls the feeding motor 45 
of the optical pickup 44 so that the tracking error signal is canceled out. 

Further, the spindle motor servo control circuit controls the spindle motor 46 so that the mini disc 1a is 
rotated at a predetermined rotational speed (e.g., at constant linear velocity). The sled servo control circuit 
moves the magnetic head 41 and the optical pickup 44 to the target track position of the mini disc 1a 
45 designated by a system controller 50 by the feeding motor 45. 

The EFM/CIRC encoder/decoder 51 encodes data supplied thereto through the I/O interface circuit 21 
for error-correction, i.e., for CIRC (Cross Interleave Read-Solomon Code) and also modulates the data for 
recording, i.e., for EFM (Eight to Fourteen Modulation). 

Encoded data output from the EFM/CIRC encoder/decoder 51 is supplied to the magnetic head driver 
so circuit 43 as recording data. The magnetic head driver circuit 43 drives the magnetic head 41 so that the 
magnetic head 41 applies modulated magnetic field corresponding to the recording data to the mini disc 1a. 

When supplied with the write command through the I/O interface 21 from the MPU 22, the system 
controller 50 controls the recording position on the mini disc 1a such that the recording data is recorded on 
a predetermined recording track of the mini disc 1a. The recording position is controlled by managing 
55 recording position information supplied onto the mini disc 1 a from encoded data output from the EFM/CIRC 
encoder/decoder 51 under the control of the system controller 50 so that a control signal which designates 
the recording position of the recording track on the mini disc 1a is supplied from the system controller 50 to 
the servo control circuit 48. Thus, according to the so-called magnetic field modulation magneto-optical 
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recording system, encoded audio data, encoded video data and other digital data added when necessary, 
are recorded on the mini disc 1a at the unit of clusters as described above. 

Upon reproduction, the EFM/CIRC encoder/decoder 51 EFM-decodes the input binary reproduced data 
and CIRC-decodes the input binary reproduced data for error-correction and outputs the data thus 

5 processed to the I/O interface 21 . 

When supplied with the read command through the I/O interface 21 from the MPU 22, the system 
controller 50 controls the reproducing position relative to the recording track of the mini disc 1a such that 
reproduced data is continuously obtained. The reproducing position is controlled by managing recording 
position information supplied to the mini disc 1a from the reproduced data under the control of the system 

w controller 50 such that a control signal which designates the reproducing position of the recording track of 
the mini disc 1 a is supplied to the servo control circuit 48 from the system controller 50. 

Relationship between the GOP and the cluster according to the embodiment of the present invention 
will be described with reference to FIGS. 9 and 10. In this embodiment, as shown in FIG. 9, when the GOP 
is formed of an image of 7 frames (may be fields), for example, an image of the first frame is set to I 

75 picture 10, and an image of 4th frame is set to a P picture P1 which is forward predictive-coded picture from 
the picture 10 of the 1st frame. An image of the final 7th frame is set to a P picture P4 which is a forward 
predictive-coded picture from the P picture P1 of the 4th frame. Images of 2nd and 3rd frames are 
respectively set to B picture B2 or B3 which is a bidirectionally predictive-coded picture from the preceding 
I picture 10 and the succeeding P picture P1 . Similarly, images of 5th and 6th frames are set to B picture 

20 B5 or B6 which is a bidirectionally predictive-coded picture of the P picture P1 of the 4th frame and the P 
picture P4 of the 7th frame. 

According to this embodiment, as shown in FIG. 10, 1GOP coded video data is encoded so as to be 
disposed within 32 sectors of 1 cluster and then recorded on the mini disc 1a. In this case, in the mini disc 
1a of the preformatted ROM type, when the coded video data based on the MPEG standardization is 

25 generated, the coded video data is previously encoded at the unit of 1GOP so as to be recorded on 
respective clusters, respectively. Then, based on the coded video data thus generated, the mini disc is 
processed by stamping through a manufacturing process similar to that of the CD and the mini disc 1a on 
which the same coded video data is recorded is mass-produced. 

In the mini disc 1a of the recordable RAM type or the hybrid type (partial ROM type) in which a writing 

30 area and a read-only area are provided in the hybrid form, the MPEG video encoder 27b in the video 
encoding unit 27 encodes the video data at the unit of 1GOP so that the video data are respectively 
recorded on each of the clusters. Then, the coded video data thus generated is transferred to the MD drive 
apparatus 20 in a DMA fashion and recorded on the mini disc 1a. 

The encoding order is illustrated by reference numerals in FIG. 9. Specifically, image of frames input in 

35 the order of 10, B2, B3, P1 , B5, B6, P4 are sequentially encoded in the order of 10, P1 , B2, B3, P4, B5, B6. 
The encoded video data are disposed in respective sectors of one cluster in the encoded order. 

When the 1GOP coded video data cannot be disposed within 32 sectors of 1 cluster unusually, the 
coded video data of GOP is recorded with a plurality of consecutive clusters. When the recorded position of 
coded video data corresponding to the final frame of GOP does not correspond to the final sector of the 

40 cluster, substantially invalid dummy data, such as "0" or the like, is additionally recorded on the remaining 
sectors of the same cluster. 

As described above, according to this embodiment, the starting frame of 1 30P is encoded as an I 
picture and the last frame is encoded as a P picture. The first I picture is constantly disposed at the first 
cluster. With this arrangement, when an image of predetermined cluster is intermittently extracted and 

45 reproduced by seeking the mini disc 1a, for example, since the I picture is constantly disposed at the 
starting portion of each cluster, it becomes possible to completely decode one frame of the extracted 
cluster. Further, since coded video data of different GOPs are not disposed within the same cluster, it 
becomes possible to edit the coded video data with ease at the unit of cut, such as to replace the coded 
video data with other coded video data at the unit of 1GOP. 

so FIGS. 11 and 12 show relationship between the GOP and the cluster according to another embodiment 
of the present invention. In this embodiment, as shown in FIG. 11, for example, 15 frames constitute 1GOP. 
Of sequentially input frames, image of 3rd frame is set to I picture 10, image of 6th frame is set to P picture 
P3 which is a forward predictive-coded picture from the picture 10 of 3rd frame, and image of 9th frame is 
set to P picture P6 which is a forward predictive-coded picture from the picture P3 of 6th frame. Image of 

55 12th frame is set to P picture P9 which is a forward predictive-coded picture from the picture P6 of 9th 
frame. Image of last 15th frame is set to P picture P12 which is a forward predictive-coded picture from the 
P picture P9 of 12th frame. 
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Image of each frame located between the I picture and the B picture is set to B picture. Images 
disposed before and after that frame and which can be predicted based on the I picture or the B picture, 
i.e., images of 4th and 5th frames are set to B pictures B4, B5 which are bidirectionally predictive-coded 
pictures of the I picture 10 of 3rd frame and the P picture P3 of the 6th frame. Image of 7th and 8th frames 

5 are set to B pictures B7, B8 from P pictures P3 and P6 of 6th and 9th frames. Images of 10th and 1 1th 
frames are set to B pictures B10, B11 from P pictures P6 and P9 of 9th and 12th frames. Further, images of 
13th and 14th frames are set to B pictures B13, B14 from P pictures P9 and P12 of 12th and 15th frames. 

Images of the first 2 frames of the GOP are set to B pictures B1, B2 from the last P picture P12 of the 
immediately-preceding GOP and the I picture 10 of the corresponding GOP. 

10 If however the GOP is arranged as described above, then when only the cluster corresponding to the 
same GOP is reproduced, the B pictures B1, B2 of the first 2 frames cannot be reproduced. The reason for 
this is that the P picture which is the picture used as the reference picture to predict the B pictures B1, B2 
belongs to the immediately-preceding GOP and recorded on the immediately-preceding cluster. 

Therefore, according to this embodiment, as shown in FIG. 12, the coded video data of 15 frames 

75 composing the GOP are disposed in the first 32 sectors within 36 sectors composing 1 cluster in the 
sequential order of being encoded. Moreover, the coded video data of last 4 sectors corresponding to the P 
picture P12 which is an image used to predict the B pictures B1, B2 of the first 2 frames of the 
immediately-succeeding GOP is recorded as I picture Is which is encoded by an intra-picture coding 
method such that an image can be re-constructed only by its data without using prediction. It is natural that 

20 the I picture Is should overlap the P picture P12 provided with the same cluster and become redundant 
data. 

If however such redundant I picture Is is recorded, then it becomes possible to decode the original 
picture only from the coded video data of the last 4 sectors of the GOP. Specifically, all GOPs within the 
immediately-preceding cluster need not be decoded from the beginning. Therefore, it becomes possible to 

25 decode the sandwiched B pictures B1, B2 from the I picture Is of the last 4 sectors of the immediately- 
preceding GOP of the GOP to be reproduced and the 3rd I picture 10 of the GOP to be reproduced. 

However, in the case of the recordable mini disc 1a (referred to hereinafter as MO cluster including the 
writable area of the partial ROM disc), 3 sectors of the last 4 sectors of each cluster should be maintained 
as the link sector according to the standardization. However, in the case of the preformatted mini disc 1 a 

30 (referred to hereinafter as ROM cluster including a preformatted area of the partial ROM disc), it is possible 
to freely utilize these 4 sectors as sub-data sectors fully. In the case of the preformatted mini disc 1a, a 
predictive-coded picture of the B pictures B1, B2 of the first 2 frames of the immediately-succeeding GOP 
is recorded on the sub-data sectors of the last 4 sectors of each cluster (sub-data sector and link sector are 
referred to collectively as link sector in this specification) as the I picture Is. 

35 FIG. 13 is a flowchart showing how to make data of 1 group of picture relative to the preformatted mini 
disc 1a (ROM cluster) according to the embodiment of the present invention. 

As illustrated, in this case, the ROM cluster includes a partial ROM in which not only the whole of the 
disc is used as a ROM area but also a predetermined area of an inner periphery of one disc is set to a 
ROM cluster and a predetermined area of an outer peripheral portion is set to a recordable MO cluster. 

40 In step S1 in FIG. 13, assuming the a cluster to be recorded is a ROM cluster, then a picture type of a 
starting frame of the GOP is determined. When the GOP to be recorded is of the type such that the starting 
frame is set to the I picture as shown in FIG. 10, for example, the processing proceeds from the next step 
S2 to step S3, whereat no data is recorded on the last 4 sectors (data is, however, recorded so as to 
complete interleaving in actual practice). Then, the processing is ended. 

45 On the other hand, in step S1, when the starting frame is composed of the B picture or P picture other 
than I picture as shown in FIG. 1 1 , for example, the processing proceeds from the next step S2 to step S4, 
whereat it is determined whether or not the I picture Is (predictive picture of the first 2 frames of the 
immediately-succeeding GOP) corresponding to the P picture P12 is of a capacity that can be recorded in 
the last 4 sectors of the cluster. 

so If it is determined that the picture is of the capacity that can be recorded, then the processing proceeds 
to step S5, whereat this I picture IS is recorded. On the other hand, if it is determined that the data amount 
of the I picture IS is so large that data of the I picture IS cannot be recorded in the 4 sectors, then the 
processing proceeds to step S3, whereat the I picture IS is not recorded. 

Considering the last 4 sectors of the cluster and the data amount of I picture IS, data is encoded and 

55 recorded in order to obtain a picture of high picture quality by using algorithm utilizing a GOP which is 
provided as immediately-preceding as possible. 

FIG. 14 is a flowchart showing how to record data of one group of picture on the recordable mini disc 
according to the embodiment of the present invention. In step S11 in the figure, if it is determined that the 
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cluster to be recorded is the MO cluster, then the link sector formed of 3 sectors has to be maintained in 
the last 4 sectors of each cluster according to the standardization {see specifications of Japanese patent 
application No. 2-222821 (Japanese laid-open patent publication No. 4-105271) and corresponding U.S. 
Patent No. 5,243,588}. Accordingly, in this case, the processing proceeds to step S13, whereat the starting 

5 frame of GOP is set to I picture and the last frame is set to P picture on the assumption that the predicting 
processing from the immediately-preceding GOP is impossible. Then, the processing proceeds to step S14, 
whereat data is not recorded on the last 4 sectors of the cluster. Thus, the coded video data is recorded 
according to the format of the embodiment shown in FIGS. 9 and 10. 

FIG. 15 is a flowchart showing how to reproduce video data of one group of picture amount from the 

10 mini disc 1a according to the embodiment of the present invention. 

Initially, in step S21 , it is determined whether or not the cluster to be reproduced is the ROM cluster. If 
it is determined that the cluster to be reproduced is the ROM cluster, then the processing proceeds to step 
S22, whereat it is determined whether or not I picture Is is recorded on the last 4 sectors of the 
immediately-preceding cluster. If it is determined that the I picture Is is recorded, then the processing 

75 proceeds to step S23, wherein B pictures Bi , B2 of the starting 2 frames of the next GOP are decoded by 
using the I picture Is. 

If it is determined in step S22 that the I picture Is is not recorded on the last 4 sectors of the cluster, 
then the processing proceeds to step S24, whereat it is determined whether or not there exists data (data of 

1 picture) which results from decoding a picture Pi 2 of the immediately-preceding GOP. When the search, 
20 for example, is carried out, the cluster is not always decoded from the first sector of all sectors in the 

immediately-preceding GOP. In this case, it is frequently observed that the P picture P12 is not decoded. 
Accordingly, in this case, the processing proceeds to step S26, whereat the B pictures Bi , B 2 of the starting 

2 frames of the GOP are not decoded substantially (even if they are decoded, decoded data should not be 
displayed). Thus, it is possible to prevent a disturbed picture from being displayed. 

25 On the other hand, when the search is not carried out but the normal reproduction is carried out, the 
clusters are sequentially reproduced. Thus, in step S24, it is determined that the P picture P12 of the 
immediately-preceding GOP is decoded. In this case, the processing proceeds from step S24 to step S25, 
whereat the B pictures Bi , B 2 of the first frame of the next GOP are decoded by using the decoded P 
picture Pi 2. 

30 If on the other hand it is determined in step S21 that the cluster to be reproduced is not the ROM 
cluster (if it is determined that the cluster to be reproduced is the MO cluster), then the processing 
proceeds from step S21 to step S27, whereat only the data provided within the cluster to be reproduced is 
decoded. Specifically, in this case, as earlier described in step S2 in FIG. 13, the I picture is disposed on 
the starting portion of the cluster and the P picture is disposed at the ending portion of the cluster. As a 

35 result, only the data provided within the cluster can be decoded. 

While the MPEG digital compressed video data is recorded on the mini disc as described above, the 
present invention can be applied to the case that digital video data processed by other compression system 
is recorded on other disc. 

As set forth, according to the disc-shaped recording medium, the disc recording apparatus and the disc 
40 reproducing apparatus of the present invention, since the high-efficiency coded digital image data is 
recorded on each cluster at the unit of one group of picture, an edit processing and special reproduction, 
such as high-speed feed forward and reverse reproduction based on the GOP unit become possible. Thus, 
it is possible to prevent a picture from being interrupted upon special playback. 

Further, when the disc-shaped recording medium is such one that can only be reproduced and the 
45 forward predictive-coded picture or bidirectionally predictive-coded picture exists at the starting portion of 
the cluster, it becomes possible to reproduce a picture of high picture quality at high speed by encoding 
and recording a picture, which becomes a predictive standard of the forward predictive-coded picture or the 
bidirectionally predictive-coded picture, on the link sector of the immediately-preceding cluster as an intra- 
coded picture. 

50 Furthermore, when the forward-predictive-coded picture or the bidirectionally predictive-coded picture 
exists on the starting portion of the cluster, if it is determined that the picture, which becomes a predictive 
standard of the forward predictive-coded picture or the bidirectionally predictive-coded picture, is not coded 
as the intra-coded picture and is not recorded on the link sector of the immediately-preceding cluster, then 
it is possible to prevent a picture quality of a reproduced picture from being degraded due to disorder of 

55 picture by substantially inhibiting the forward predictive-coded picture or the bidirectionally predictive-coded 
picture recorded at the starting portion of the cluster from being decoded. 
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LIST OF REFERENCE NUMERALS AND ITEMS 


Reference numerals 


Items 


1a 


the mini disc 


2 


the disc recording and reproducing apparatus 


5 


the color LCD 


20 


the MD drive apparatus 




xne i/u i menace 


22 


the MPU 


23 


the main memory 


24 


the DMAC 


26 


the audio encoder/decoder 


27 


the video encoding unit 


29 


the video decoding unit 


28 


the LCD controller 


50 


the system controller 


51 


the EFM/CIRC encoder/decoder 



Claims 

1. In a disc-shaped recording medium on which high-efficiency-coded digital image data is clustered at 
every sector of a predetermined number, a link sector which is longer than an interleave length is 

25 provided at the connection portion of the clusters and said digital image data is interleaved, said disc- 
shaped recording medium characterized in that said high-efficiency-coded digital image data is 
recorded on each cluster at the unit of one group of picture. 

2. A disc-shaped recording medium according to claim 1 , wherein said disc-shaped recording medium is 
30 a disc-shaped recording medium that can only be reproduced and wherein when a forward predictive- 
coded-picture or a bidirectionally predictive-coded picture exists at the starting portion of said cluster, a 
picture . which becomes a predictive standard of said forward predictive-coded picture or said bidirec- 
tionally predictive-coded picture is coded as an intra-coded picture and recorded on said link sector of 
the immediately-preceding cluster. 

35 

3. In a disc recording apparatus in which a high-efficiency-coded digital image data is interleaved and 
recorded on a disc-shaped recording medium, said disc recording apparatus comprising: 

encoding means for high-efficiency-coding an image signal into a digital image signal; and 
recording means in which said high-efficiency-coded digital image data output from said encoding 
40 means is clustered at every sector of a predetermined number, a link sector which is longer than said 
interleave length is provided at the connected portion of each cluster and said high-efficiency-coded 
digital image data is interleaved and in which said digital image data is recorded on each cluster of said 
disc-shaped recording medium at the unit of one group of picture. 

45 4. A disc reproducing apparatus comprising: 

reproducing means for reproducing from a disc-shaped recording medium in which high-efficiency- 
coded digital image data is clustered at every sector of a predetermined number, a link sector which is 
longer than an interleave length is provided at the connection portion of the clusters and said digital 
image data is interleaved said digital image data at the unit of one group of picture corresponding to 
so each of said clusters; and 

decoding means for decoding a series of original image data from digital image data reproduced 
by said reproducing means at the unit of one group of picture. 

5. A disc reproducing means according to claim 4, wherein when a forward predictive-coded picture or a 
55 bidirectionally predictive-coded picture exists at the starting portion of said cluster, if it is determined on 
the basis of aid digital image data reproduced by the reproducing means at the unit of one group of 
picture that a picture which becomes a predictive standard of said forward predictive-coded picture or 
said bidirectionally predictive-coded picture is not coded as an intra-coded picture and is not recorded 
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on said link sector of the immediately-preceding cluster, said decoding means is inhibited from 
substantially decoding said forward predictive-coded picture or said bidirectionally predictive-coded 
picture recorded at the starting portion of said cluster. 
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